/calmodulindependent protein kinase II (CaMKII)-dependent pathway, has been proposed to underlie certain forms of hyperalgesia, the enhanced pain sensitivity that may accompany inflammation or tissue injury. However, the specific synaptic populations that may be subject to such plasticity have not been identified. Using neuronal tracing and postembedding immunogold labeling, we show that a model of acute inflammatory hyperalgesia is associated with an elevated density of GluR1-containing AMPA receptors, as well as an increased synaptic ratio of GluR1 to GluR2/3 subunits, at synapses established by C-fibers that lack the neuropeptide substance P. A more subtle increase in GluR1 immunolabeling was noted at synapses formed by substance P-containing nociceptors. No changes in either GluR1 or GluR2/3 contents were observed at synapses formed by low-threshold mechanosensitive primary afferent fibers. These results contrast with our previous observations in the same pain model of increased and decreased levels of activated CaMKII at synapses formed by peptidergic and nonpeptidergic nociceptive fibers, respectively, suggesting that the observed redistribution of AMPA receptor subunits does not depend on postsynaptic CaMKII activity. The present ultrastructural evidence of topographically specific, activity-dependent insertion of GluR1-containing AMPA receptors at a central synapse suggests that potentiation of nonpeptidergic C-fiber synapses by this mechanism contributes to inflammatory pain.
Introduction
Long-term plasticity of glutamatergic synapses is largely mediated by rapid regulation of the density of AMPA receptors in the postsynaptic membrane [for review, see Derkach et al. (2007) and Citri and Malenka (2008) ]. Translocation to the synapse of AMPA receptors containing the GluR1 subunit has been implicated as a key event in the initial phase of long-term plasticity at some forebrain synapses, although the extent to which this mechanism operates at glutamatergic synapses in different regions of the CNS and during different stimulation paradigms is unclear.
Intense noxious stimulation that threatens tissue integrity may sensitize neuronal responses within the spinal cord dorsal horn. This central sensitization underlies some forms of hyperalgesia, in which subsequent noxious stimuli generate an enhanced sensation of pain, and is thought to involve potentiation of nociceptive primary afferent synapses by a mechanism similar to hippocampal NMDA receptor-dependent long-term potentiation (LTP) (Sandkühler, 2000; Ji et al., 2003) . Indeed, both central sensitization and LTP of primary afferent transmission depend on NMDA receptors and Ca 2ϩ /calmodulin-dependent protein kinase II (CaMKII) (Randić et al., 1993; Liu and Sandkühler, 1995; Fang et al., 2002; Ikeda et al., 2003 Ikeda et al., , 2006 Yang et al., 2004; Pedersen et al., 2005) . A link between primary afferent LTP and central sensitization is further supported by the recent demonstration that acute inflammatory pain is accompanied by LTP of C-fiber-evoked field potentials in the superficial dorsal horn (Ikeda et al., 2006) .
Nociceptive primary afferent fibers are commonly divided into two major, partially overlapping populations. The peptidergic population of nociceptive C and A␦ fibers is characterized by the expression of neuropeptides such as substance P (SP) and calcitonin gene-related peptide (CGRP), whereas a parallel projection is made by C-fibers that show little or no expression of neuropeptides (Hunt and Mantyh, 2001 ). Although we know that they establish synapses with different neuronal populations in the dorsal horn, the functional differences between these nociceptive pathways remain poorly understood (Hunt and Mantyh, 2001 ; Julius and Basbaum, 2001; Braz et al., 2005) . In particular, it is unclear to what extent modulation of synapses formed by the two pathways contributes to different forms of hyperalgesia.
We previously observed that after injection of capsaicin in rat hindpaw skin (a common model of acute inflammatory hyperalgesia), the level of CaMKII phosphorylated at Thr 286/287 (pCaMKII) was elevated in the postsynaptic density (PSD) of SP-positive primary afferent synapses, whereas pCaMKII levels at nonpeptidergic C-fiber synapses instead decreased from a high basal level Broman, 2005, 2006) . Constitutively active CaMKII induces incorporation of GluR1 at hippocampal CA1 synapses . If a similar process contributes to plasticity at nociceptive synapses in capsaicin-induced hyperalgesia, it would be expected that GluR1-containing receptors accumulate at peptidergic, but not nonpeptidergic, nociceptive synapses in this pain model. To test this hypothesis, we combined neuronal tracing and postembedding immunogold labeling to investigate possible changes in AMPA receptor subunits at primary afferent synapses after cutaneous capsaicin stimulation.
Materials and Methods
Tissue preparation. Ultrathin sections for postembedding immunogold labeling were obtained from the same tissue blocks used in the previous study (Larsson and Broman, 2006) , as well as from similarly processed tissue obtained from three additional animals. Briefly, seven adult male Sprague Dawley rats (ϳ300 g) were anesthetized with sodium pentobarbital (50 mg/kg, i.p.), and 2% wheat-germ agglutinin-horseradish peroxidase (WGA-HRP; Sigma) in sterile water was injected into two to three adjacent glabrous skin sites (0.5-1.0 l per site) in both hindpaws. Three days later, the animals were anesthetized (sodium pentobarbital; 50 mg/ kg, i.p.), and in five of the rats, 10 or 15 l of 3% capsaicin (in 15% ethanol and 7% Tween 80 in saline) was unilaterally injected into the same skin sites as the tracer injections. Capsaicin-stimulated skin showed intense inflammatory response within a few minutes of the injection. After 20 min, the rats were rapidly fixed by transcardial perfusion with PBS (300 mOsm, 20 -30 s) and 1% paraformaldehyde and 1.25% glutaraldehyde in PBS (ϳ1 L, 30 min). Care was taken not to inflict any additional noxious stimulation of the hindlimbs before fixation. Experimental procedures were in accordance with institutional guidelines and were approved by the Animal Care and Use Committee of Malmö-Lund. After removal of the lumbar spinal cord, parasagittal sections (150 m) of the L4 and L5 segments were cut on a Vibratome. Tracer substance was visualized by tetramethylbenzidine histochemistry, and the reaction product was stabilized with diaminobenzidine (Larsson et al., 2001) . Peroxidase-labeled sections of dorsal spinal cord were embedded by freeze substitution in Lowicryl HM20 (Electron Microscopy Sciences), as described previously (Larsson et al., 2001) . Serial ultrathin sections were cut and placed on single-slot Pioloform-coated nickel or gold grids (one section per grid).
Postembedding immunogold labeling. Postembedding immunogold labeling was performed as described previously (Larsson and Broman, 2006) . The rabbit anti-GluR1 and anti-GluR2/3 antibodies (both from Millipore Bioscience Research Reagents), directed against the C-terminals of respective subunit, have been extensively used for postembedding immunogold studies (Matsubara et al., 1996; Petralia et al., 1999; Takumi et al., 1999) and were used here at concentrations of 4 and 2 g/ml, respectively. For secondary detection, goat anti-rabbit antibody conjugated to 10 nm colloidal gold (GE Healthcare) 1:20 or goat anti-rabbit F(ab) 2 conjugated to 5 nm gold (British Biocell) 1:40 were used. In sections adjacent to the GluR1 and GluR2/3 immunogoldlabeled sections, double immunogold labeling of SP and CGRP was performed using rat anti-SP (Millipore Bioscience Research Reagents) 1:200 and rabbit anti-CGRP (Bachem AG) 1:400 or 1:800. These antibodies have been previously used by us and others in postembedding immunogold labeling procedures (Merighi et al., 1991; Broman, 2005, 2006) and resulted in a similar labeling pattern to that observed with other anti-SP and anti-CGRP antibodies (Zhang et al., 1993) . Goat anti-rat antibody conjugated to 5 nm gold (British Biocell) 1:40 and goat anti-rabbit antibody conjugated to 15 nm gold (GE Healthcare) 1:20 were used for secondary detection in these sections. Sections were examined in either a JEOL or Tecnai electron microscope. In each experiment, sections from capsaicin-injected sides and controls were treated in parallel and incubated in the same drops of reagent. Five separate GluR1 immunogold labeling experiments were performed, one for each of the five capsaicin-stimulated rats. In three of those experiments, the control section was taken from contralateral dorsal horn of the same animal, and in the remaining two the control section was obtained from an animal that had not received any capsaicin injection, to assess the possibility of a contralateral effect of capsaicin stimulation. Three GluR2/3 immunogold labeling experiments were performed, one of which used tissue from a nonstimulated animal as control. No differences were observed between experiments using either control, and therefore all experiments were pooled for analysis.
Quantitative analysis of immunogold labeling. Analysis of all immunolabeled sections was performed blind with respect to experimental condition. A total of 1636 synapses were analyzed. Synapses formed by peroxidase-labeled terminals were identified by screening either an adjacent nonimmunolabeled or SP/CGRP double-labeled section or the AMPA receptor subunit-immunolabeled section at low magnification, to avoid bias from synaptic immunolabeling. Peroxidase-labeled terminals were found predominantly in inner lamina II (IIi), although some such terminals were present in outer lamina II. Peroxidase-labeled terminals in lamina I were very rare. Although this distribution of peroxidase labeling largely corresponded to that seen in the light microscope after tetramethylbenzidine processing, the sparseness of peroxidase-labeled profiles in lamina I and outer lamina II was partly attributable to the general reduction of peroxidase reaction product occurring during the stabilization step. Most peroxidase-labeled terminals contained no or very few dense-core vesicles; to yield a more homogeneous sample of synapses, terminals containing more than three dense core vesicles were discarded from the analysis (Ribeiro-da-Silva, 2004) . Synapses in lamina I formed by terminals of thin-caliber primary afferent fibers containing SP and CGRP were identified by screening the adjacent SP/CGRPimmunolabeled section in the region dorsal of the peroxidase-labeled patch. The border between lamina I and outer lamina II was not well defined, and therefore lamina I was defined as the portion of the dorsal horn within 50 m of the white matter border. Thus, some sampled SP ϩ /CGRP ϩ terminals may have located in outer lamina II. Presumed low-threshold mechanosensitive (LTM) primary afferent terminals were identified by their glomerular arrangement and light axoplasm containing small, clear vesicles and numerous mitochondria (Willis and Coggeshall, 2004) . Synapses formed by such terminals were sampled in lamina IIi-IV within the same rostrocaudal boundaries as the other synaptic populations.
After identification of a terminal, electron micrographs of its synapses were obtained in the GluR1 or GluR2/3 immunogold-labeled section at a magnification of 80,000ϫ or 43,000ϫ (depending on microscope), yielding an image scale of ϳ1.6 nm/pixel. For quantitative analysis of immunolabeling, the postsynaptic plasma membrane, or cleft face of the postsynaptic density, was outlined, and locations were recorded of the center of gold particles that could be orthogonally projected onto this outline. Gold particles within 50 nm on the postsynaptic side, or within 25 nm on the cleft side, of the postsynaptic membrane were considered to be postsynaptic. Immunonegative synapses were included in the analysis, because the relatively high frequency of falsely negative synapses resulting from the inherently inefficient labeling of the postembedding labeling method would otherwise overestimate the labeling densities of sparsely labeled synaptic populations. Analysis of the subsynaptic distribution of immunogold labeling was performed essentially as described previously (Larsson and Broman, 2006) .
Results
WGA-HRP was injected bilaterally into rat hindpaw skin. After allowing sufficient time for axonal transport of the tracer to the dorsal horn, capsaicin was injected unilaterally into the same skin sites. Thereby, peroxidase labeling indicating WGA-HRP trans-port could be used to identify terminations of nerve fibers innervating capsaicin-stimulated or nonstimulated skin. Peroxidase label was largely confined to the inner part of lamina II, indicating that WGA-HRP was preferentially transported by thin caliber primary afferent fibers that terminate in this area (Willis and Coggeshall, 2004) . Indeed, in the electron microscope we observed that most terminals containing peroxidase reaction product were central terminals of type Ia glomeruli, i.e., nonpeptidergic, presumed nociceptive C-fiber endings (Ribeiro-da-Silva, 2004) . Terminals of peptidergic nociceptive fibers ending in lamina I were identified by their coexpression of SP and CGRP, whereas LTM terminals in lamina IIi-IV were identified by morphological criteria. SP ϩ /CGRP ϩ and LTM terminals were selected for analysis only if they were within an area defined by the rostrocaudal extension of the peroxidase-labeled patch (Larsson and Broman, 2006) . Because different primary afferent fiber populations show similar termination patterns along the rostrocaudal and mediolateral axes of the spinal cord (Willis and Coggeshall, 2004) , such terminals could be assumed to originate from nerve fibers innervating the same skin area as those that gave rise to the peroxidase ϩ terminals.
GluR1 immunogold labeling
Synapses from all examined primary afferent synaptic populations were immunogold labeled for GluR1 in tissue sections from dorsal horn ipsilateral to capsaicin injection or control dorsal horn (Fig. 1) . Peroxidase ϩ synapses contained higher linear density of postsynaptic GluR1 immunolabeling (gold particles per micrometer of postsynaptic membrane) compared with SP ϩ / CGRP ϩ and LTM synapses, consistent with earlier observations of differential GluR1 expression at synapses formed by glomerular C-fiber terminals and LTM fibers (Popratiloff et al., 1996) .
In dorsal horn ipsilateral to capsaicin stimulation, the linear density of postsynaptic immunolabeling was on average 94% higher at peroxidase ϩ synapses compared with such synapses in the corresponding control dorsal horn section. At SP ϩ /CGRP ϩ synapses and LTM synapses, no significant difference could be detected between control dorsal horn and dorsal horn ipsilateral to the capsaicin-stimulated hindpaw (Fig. 2) . The same pattern was evident for all synaptic populations with respect to the total number of gold particles per synapse (supplemental Fig. 1 , available at www.jneurosci.org as supplemental material).
To determine whether the observed difference in GluR1 immunolabeling ipsilateral to capsaicin stimulation was postsynaptic or could be attributed to presynaptic changes in AMPA receptor expression, we mapped the axodendritic distribution of GluR1 immunolabeling at these synapses after capsaicin stimulation and in control tissue. At peroxidase ϩ synapses, the number of gold particles per synapse was significantly higher 0 -40 nm from the postsynaptic membrane, but not at other distances, at ipsilateral compared with control synapses, indicating a selectively postsynaptic effect of capsaicin with respect to GluR1 (Fig.  3A) . A similar difference between the axodendritic distributions of the linear density of gold particles was found at 0 -40 nm from the postsynaptic membrane (supplemental Fig. 2 , available at www.jneurosci.org as supplemental material). At SP ϩ /CGRP ϩ synapses, a small but statistically significant increase in GluR1 immunolabeling was found at 0 -20 nm from the postsynaptic membrane, although the overall capsaicin effect was not significant (Fig. 3B) . At LTM synapses, the axodendritic distributions showed a selective postsynaptic localization of GluR1 immunolabeling, but no differences between dorsal horn ipsilateral to capsaicin-injected skin and control dorsal horn (Fig. 3C ).
GluR2/3 immunogold labeling
To examine whether the expression of GluR2/3 subunits of the AMPA receptor was also affected at primary afferent synapses by capsaicin stimulation, we analyzed GluR2/3 immunogold labeling in ultrathin sections from three pairs of tissue blocks that had also been used for GluR1 immunolabeling (Fig. 4) . In both con- trol dorsal horn and dorsal horn ipsilateral to capsaicin stimulation, SP ϩ /CGRP ϩ synapses exhibited lower linear density of gold particles signaling GluR2/3 compared with peroxidase ϩ or LTM synapses. However, no differences in linear density (Fig. 5) or absolute number (data not shown) of gold particles between control and ipsilateral synapses could be observed at any of the examined synaptic populations.
The axodendritic distributions of GluR2/3 immunolabeling were also determined (Fig. 6) . Although the overall capsaicin effect on the axodendritic distribution was not significant, a slightly higher number of gold particles per synapse was observed 0 -20 nm from the postsynaptic membrane at peroxidase ϩ synapses after capsaicin stimulation. This increase was consistent between experiments and ranged from 22 to 39%. However, there was no significant difference in the linear density of immunogold labeling at any distance from the postsynaptic membrane (data not shown). Neither SP ϩ /CGRP ϩ nor LTM synapses showed any differences in axodendritic distribution of immunolabel between capsaicin-stimulated and control tissue. ϩ synapses. C, AxodendriticdistributionofGluR1immunolabelingatLTMsynapses.ErrorbarsindicateSEM.**pϽ0.01, ***p Ͻ 0.001, two-way repeated-measures ANOVA followed by Bonferroni's post hoc test. P caps , Statistical significance of capsaicin effect; P dist , statistical significance of distance effect; P i , statistical significance of interaction between capsaicin and distance effects. Synaptic ratio of AMPA receptor subunits It has been suggested by a number of studies that trafficking of different AMPA receptor subunits is differentially affected by activity, the selective synaptic delivery of GluR1-containing receptors being a prominent event in early LTP (Derkach et al., 2007; Citri and Malenka, 2008) . In accordance with this notion, the clear increase in GluR1 contents observed in the present study at peroxidase ϩ synapses after capsaicin stimulation in contrast to the minimal increase in GluR2/3 contents at such synapses suggested that nociceptive stimulation preferentially induced translocation of GluR1-containing receptors to this synaptic population. To examine this more directly, we determined the ratio of GluR1 to GluR2/3 linear density of immunolabeling. Indeed, an increase in the ratio of GluR1 to GluR2/3 immunolabeling was evident at peroxidase ϩ synapses, but not at SP ϩ /CGRP ϩ or LTM synapses, after capsaicin stimulation (Fig. 7) , indicating a selective translocation of GluR1 to these synapses.
Synapse size
Changes in AMPA receptor immunolabeling density in a synaptic population could be exaggerated or masked by a concomitant change in synapse size. To assess whether this could contribute to the observed changes in AMPA receptor immunoreactivity, we determined the length of postsynaptic membrane as measured in a single section through each synapse, pooling data from all GluR1 and GluR2/3 immunolabeling experiments. However, No change in size of primary afferent synapses after capsaicin injection. Box plot of postsynaptic membrane length as measured in the GluR1-or GluR2/3-immunolabeled section for all peroxidase ϩ , SP ϩ /CGRP ϩ , and LTM synapses that had been analyzed for GluR1 or GluR2/3 immunolabel. Data from six GluR1 and GluR2/3 immunolabeling experiments were pooled. The only detected differences were those between SP ϩ /CGRP ϩ synapses and the other two synaptic populations. *p Ͻ 0.05, **p Ͻ 0.01, ***p Ͻ 0.001, Kruskal-Wallis test followed by Dunn's post hoc test. Figure6. AxodendriticdistributionofGluR2/3immunolabelingatprimaryafferentsynapsesafter capsaicin stimulation. A, Distribution of gold particle distances to the postsynaptic membrane (presynaptic distances assigned negative value), normalized by the number of synapses, at peroxidase ϩ synapses.B,AxodendriticdistributionofGluR2/3immunolabelingatSP ϩ /CGRP ϩ synapses.C,Axodendritic distribution of GluR2/3 immunolabeling at LTM synapses. Error bars indicate SEM. *p Ͻ 0.05, two-way repeated-measures ANOVA followed by Bonferroni's post hoc test. P caps , Statistical significanceofcapsaicineffect;P dist ,statisticalsignificanceofdistanceeffect;P i ,statisticalsignificance of interaction between capsaicin and distance effects. . Altered ratio of GluR1 to GluR2/3 subunits at peroxidase ϩ synapses after capsaicin stimulation. The ratio of GluR1 linear density (gold particles per postsynaptic membrane length) to GluR2/3 linear density was determined for each pair of stimulated and nonstimulated tissue specimens. Error bars indicate SEM. *p Ͻ 0.05, repeated-measures ANOVA followed by Bonferroni's post hoc test.
whereas SP ϩ /CGRP ϩ synapses were larger than peroxidase ϩ and LTM synapses, no changes in synapse size could be detected in any of the primary afferent synaptic populations in tissue ipsilateral to capsaicin stimulation compared with control dorsal horn (Fig. 8) .
Discussion
An increasing body of evidence indicates a prominent role for trafficking of GluR1-containing AMPA receptors in NMDA receptordependent LTP and some forms of experience-dependent plasticity (Derkach et al., 2007; Citri and Malenka, 2008) . Most previous studies have used immature in vitro preparations and/or different types of exogenous expression systems to assess the subunit composition of receptors translocated to synaptic populations in select forebrain regions, such as neocortex, amygdala, and the hippocampal CA1 region. The present study complements these by providing ultrastructural evidence for a relatively rapid (within 20 -25 min) activitydependent delivery of native, preferentially GluR1-containing AMPA receptors to a sensory synapse in the spinal cord of adult, nontransgenic animals in vivo. Specifically, we have shown that in the capsaicin model of acute inflammatory hyperalgesia, synapses formed by nonpeptidergic C-fibers originating from capsaicin-stimulated skin exhibit significantly higher density of GluR1, but not GluR2/3, labeling compared with such synapses in control dorsal horn. In contrast, little or no increase in GluR1 immunoreactivity was observed at peptidergic C-fiber synapses. These observations suggest a robust capsaicininduced potentiation of nonpeptidergic C-fiber synapses mediated by delivery of GluR1-containing AMPA receptors to the postsynaptic membrane. Thus, our findings support the notion that inflammatory hyperalgesia involves potentiation of transmission between nociceptive primary afferent fibers and neurons in the superficial dorsal horn (Sandkühler, 2000; Ji et al., 2003) . Furthermore, phosphorylation of GluR1 at Ser 845 by protein kinase A, which is necessary for synaptic incorporation of GluR1-containing AMPA receptors (Esteban et al., 2003) , is induced at synaptic sites in the medial superficial dorsal horn of lumbar spinal cord after capsaicin stimulation of hindpaw skin (Nagy et al., 2004) , in accordance with a translocation of AMPA receptors to somatotopically localized synapses in the superficial dorsal horn in this pain model.
Intradermal capsaicin injection induces central sensitization as well as potentiation of C-fiber evoked field potentials in the superficial spinal cord (Willis and Coggeshall, 2004; Ikeda et al., 2006) . The relative contributions of different nociceptor populations to these processes are unclear. However, TRPV1, the capsaicin receptor, is expressed by large fractions of both peptidergic and nonpeptidergic nociceptive fibers in the rat (Tominaga et al., 1998; Guo et al., 1999; Michael and Priestley, 1999) ; furthermore, nociceptors that lack TRPV1 may be indirectly activated via the release of protons and inflammatory mediators in the peripheral tissue during inflammation (Millan, 1999; Liu et al., 2004) . Thus, substantial subpopulations of both peptidergic and nonpeptidergic nociceptors were presumably activated in the present study, and differential activation of nociceptors is therefore unlikely to account for the observed differences in capsaicin-induced AMPA receptor redistribution between peptidergic and nonpeptidergic nociceptive synapses.
Previously we showed that the amounts of both total CaMKII and CaMKII phosphorylated at Thr 286/287 (and thus autonomously active) were substantially decreased in the PSD of nonpeptidergic C-fiber synapses after capsaicin stimulation (Larsson and Broman, 2006) . This apparent discrepancy might be explained by a CaMKIIindependent translocation of AMPA receptors to these synapses. For example, GluR4-containing receptors can be driven to synapses by a protein kinase A-dependent mechanism that does not involve CaMKII activation (Zhu et al., 2000; Esteban et al., 2003) , indicating the possibility of CaMKII-independent translocation of AMPA receptors cocontaining GluR1 and GluR4. However, GluR4 is present at relatively low levels in the superficial dorsal horn (Tachibana et al., 1994; Nagy et al., 2004; Polgár et al., 2008) , and trafficking of GluR1 to the plasma membrane of dorsal horn neurons after visceral capsaicin stimulation is sensitive to CaMKII inhibition (Galan et al., 2004) , as is the central sensitization that develops after cutaneous capsaicin stimulation (Fang et al., 2002) . Alternatively, AMPA receptors could be driven to C-fiber synapses as a result of a transient increase in CaMKII autophosphorylation that subsequently falls to basal (and lower) levels within 20 -25 min. Furthermore, CaMKII activated by binding Ca 2ϩ /calmodulin or the NR2B subunit of NMDA receptors (Lisman et al., 2002) could mediate synaptic incorporation of GluR1 even in the absence of autophosphorylation of the enzyme; interestingly, autophosphorylation of the ␣ isoform of CaMKII has been shown to be dispensable for several more slowly developing forms of hyperalgesia (Zeitz et al., 2004) . Finally, it is possible that GluR1 delivery to these synapses requires autophosphorylation of a CaMKII pool that is located at a distance from the PSD (which our previous analysis was not designed to detect).
That we did not observe substantially changed levels of AMPA receptor subunits at SP ϩ /CGRP ϩ synapses after capsaicin stimulation is surprising, especially because lamina I projection neurons that receive preferential, potentiatable primary afferent input from SP ϩ /CGRP ϩ fibers (McLeod et al., 1998; Todd et al., 2002; Ikeda et al., 2003 Ikeda et al., , 2006 are essential for the full expression of hyperalgesia (Mantyh et al., 1997; Nichols et al., 1999; Vierck et al., 2003) . In addition, levels of autophosphorylated, presumably active CaMKII are increased at SP ϩ /CGRP ϩ synapses after peripheral capsaicin stimulation (Larsson and Broman, 2006) , confirming that these synapses are activated in this model of inflammatory pain. The apparent failure of capsaicin stimulation to induce GluR1 accumulation at SP ϩ /CGRP ϩ synapses could be attributable to a slower mode of translocation of GluR1 to these synapses compared with those formed by nonpeptidergic nociceptors. Indeed, neither LTP induced by brief low-frequency C-fiber stimulation in a subset of lamina I projection neurons nor capsaicin-induced potentiation of C-fiber-evoked field potentials in the superficial dorsal horn is fully developed after 30 min, indicating that these forms of potentiation at least partly rely on slow expression mechanisms (Ikeda et al., 2006) . However, CaMKII may also potentiate glutamatergic transmission by phosphorylating GluR1 at Ser 831 , which increases the single-channel conductance of homomeric GluR1 receptors (Derkach et al., 2007) . Such CaMKII-dependent phosphorylation indeed appears to be elevated in the spinal cord after peripheral capsaicin stimulation (Fang et al., 2002) . Therefore, CaMKII-mediated potentiation of synapses formed by SP ϩ /CGRP ϩ afferent fibers onto lamina I neurons may, at least at an early stage, be mediated by phosphorylation of existing synaptic AMPA receptors rather than accumulation of additional receptors.
In conclusion, we have provided evidence at the ultrastructural level that GluR1-containing AMPA receptors are translocated to the postsynaptic membrane of nonpeptidergic nociceptive primary afferent synapses after acute capsaicin stimulation, suggesting that such synapses are potentiated via an increased density of postsynaptic glutamate receptors in inflammatory hyperalgesia. Furthermore, because CaMKII autophosphorylation within the PSD is concurrently decreased at nonpeptidergic, but increased at peptidergic, primary afferent synapses, CaMKII autophosphorylation within this compartment appears to be neither necessary nor sufficient for AMPA receptor incorporation at these synapses.
